J) 



Europaisches 
Patentamt 



European 
Patent Office 



PCT/EP200 4 / 0 1 3 0 0 0 



Office europeen 
des brevets 

17 - n im 



REco 1 4 JAM 2809 



Wipo 



POT 



Bescheinigung Certificate 



Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprOngtich eingereichten 
Fassung der auf dem nSch- 
st en Blatt bezel chneten 
europSischen Patentanmel- 
dung Qberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fixes a 
cette attestation sont 
conformes a la version 
initialement deposee de 
la demande de brevet 
europeen specifiee a la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n° 

03028350.1 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



Der President des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 

Le President de I'Office europeen des brevets 
p.o. 



R Cvan Dljk 




Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Anmeldung Nr: 
Application no. 
Demande no: 



03028350.1 



Anmeldetag: 
Date of filing: 
Date de depot: 



10.12.03 



Anmelder/Appl 1cant(s)/Demandeur(s): 
Telefonaktiebolaget L M Ericsson (Publ) 



126 25 Stockholm 
SUEDE 



Bezelchnung der Erf 1ndung/T1 tie of the 1nvent1on/T1tre de 1 'invention: 
(Falls die Bezel chnung der Erflndung nlcht angegeben 1st. slehe Beschreibung. 
If no title 1s shown please refer to the description. 
SI aucun tltre n'est 1nd1qu6 se referer a la description.) 

Mixer arrangement 

In Anspruch genommene Pr1or1Mt(en) / Priori ty(1es) claimed /Pr1or1t6(s) 
SUa^ag/AkJi no./Pays/Date/Numero de depot: 



Internationale Patentklasslf 1kat1 on/International Patent Classification/ 
Classification Internationale des brevets: 

H03D7/14 

Am Anmeldetag benannte Vertragstaa ten/Contracting states designated at date < 
f1l1ng/Etats contractants designees Tors du depot: 

AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HU IE IT LU MC NL 
PT R0 SE SI SK TR LI 



03028350.1 

EPVEP0/0EB Form 1014.2 - 01.2000 7001014 



2 



031210 IB Ct\P\S874 ericcmVP\OOZ\B\EJ3**0$OJi_OJmo_iiaasmaa aacfikaa.doc 

1 



MISER ARRANGBMBNT 

Teebaical Field of the Xxxveatioa 

The present invention relates to an arrangement for 
5 mixing analog signal s, and more particularly to a mixer 
arrangement for converting a first signal having a first 
frequency to a second signal having a second frequency. 

Description of Related Art 

10 A mixer for frequency translating a signal having a 

first f requency* such as a radio frequency (RF) , to a 
signal having a second frequency , such as an intermediate 
frequency (IF) , is provided in a wide variety of 
implementations, such as in radio transceiver front -ends. 

15 Bluetooth® is a communication standard where the major goal 
has been to remove cable connections between electrical 
equipment. One area, where Bluetooth® is of particular 
interest, is communication involving portable equipment, 
such as mobile terminals . The terminals may also be adapted 

20 to communicate according to e.g. a telecommunication 

technology, such as GSM, UMTS, cdma2 000 / PCS, DCS etc. A 
mixer may be necessary for the radio transceiver front -end 
of the Bluetooth® radio and the telecommunication radio. 
In portable communication equipment, low power 

25 solutions for all electronic components are important. 

Thus, the tendency in integrated circuit design is to apply 
low supply voltage for e.g. the mixer. Also, it is often 
required that the implementation pf the mixer is cheap. MOS 
(Metal Oxide Semiconductor) technology offers a solution, 

30 with which is possible to implement fully integrated 
mixers. However, it is essential to find circuit 
architectures capable of high performance at supply 
voltages at or below 2V. 

In modern radio communication architectures, such as 

35 direct-conversion and low- IF, quadrature mixers are needed. 
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A suitable mixer topology at low voltage and low (or zero) 
IP frequency is the passive quadrature mixer, which is well 
suited for implementation in CMOS technology. This topology 
is suitable for low voltage due to the lack of stacked 
5 transistors, and for low IF frequencies due to the absence 
of flicker noise. 

Fig- l illustrates a passive mixer, which is known in 
the art. Two passive mixers comprising four CMOS 
transistors each are connected in parallel and operated in 

10 quadrature. Thus, each transistor will be active when a 
local oscillator (LO) signal at its gate has a positive 
value. Each mixer is connected to provide signal paths from 
RF terminals to first and second IP terminals through 
transistors controlled by a common LO signal. At the IF 

15 terminals first and second IF signals IF Z , IF Q are 

provided. The first mixer is operated by a first LO signal 
LOi + and its inverse signal LOj" having a first phases 9 and 
9+JI radians, respectively. The second mixer is driven by a 
second LO signal LO Q + and its inverse signal LOq~ having a 

20 second phase 9+JI/2 and 9+3JI/2 radians, respectively* In 
operation, two LO Bignals will have positive values 
simultaneously. Although the transistors are operated such 
that the IF terminals are generating the IF signals 
alternately, a path (short circuit) is created between the 

25 if terminals of the two mixers when any two LOi and LOq 

signals are high. This is e.g. the case when LOi* and LOq* 
have positive values simultaneously . This is a problem as 
the undesired paths between the IF terminals will ruin the 
gain of the mixers . 

3 0 In the known art, the problem with the undesired 

short circuits has been solved by providing resistors 
between the RF terminals and each of the mixers, wherein 
the impedance in the paths between the IF terminals 
increases. However, this introduces another problem as it 
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will also introduce additional noise. This is particularly 
severe for low voltage circuits. 

Suxnmary of the Invention 
5 It is an object of the present invention to provide a 

quadrature mixer arrangement comprising two mixers for 
converting a signal having a first frequency to a signal 
having a second frequency. More specifically, it is an 
object of the invention to provide a mixer arrangement 

10 comprising two quadrature mixers , which are isolated from 
each other without substantially effecting the noise 
performance of the arrangement. Moreover, it is an object 
of the invention to provide a mixer arrangement that is 
suitable for implementation using MOS technology. 

15 According to a first aspect of the invention, the 

above objects are achieved by a quadrature mixer 
arrangement for converting a first signal at a first 
frequency to a second signal at a second frequency. The 
arrangement comprises input means for receiving the first 

20 signal and output means for output ting the second signal. A 
first mixing means is connected a first and a second 
terminal for inputting or outputting the first or second 
signal. A second mixing means is connected in parallel with 
the first mixer and connected to the first and second 

25 terminals. A set of switch devices is provided in the 

signal path between the mixers and the first and second 
terminals. Thus any short-circuit path occurring when the 
mixing means are at least partly conducting simultaneously 
may be eliminated. 

3 0 The first mixer may be arranged to be conductive for 

a first and/or a second state of a mixing signal and to mix 
a first input signal with a first mixer signal to provide a 
first output signal. The second mixer is connected in 
parallel with the first mixer, and may be arranged to be 

3S conductive for a first and/ or a second state of a second 
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mixer signal. Furthermore, the second mixer is arranged to 
provide a second output signal in quadrature to the first 
output signal. The mixers are connected to common first and 
second RP terminals of the arrangement. When transistors of 
5 the mixers are conducting simultaneously a path is created 
between a first and a second IF terminal. The set of switch 
devices interrupts any potential short-circuit path between 
the IF terminals. 

The first and second mixing signals and their 

10 respective inverse signals are provided by four local 
oscillator (LO) signals , which are phase shifted Jl/2 
radians in relation to each other. 

The first and second mixers may comprise a set of 
mixing means, each having a first, second, and third 

15 terminal. The first mixer is adapted to be driven by a 

first LO signal and its inverse signal having a first and a 
third phase, respectively, received at the third terminals 
of the mixing means of the first mixer. The second mixer is 
adapted to be driven by a second LO signal and its inverse 

20 signal having a second and a fourth phase, respectively, 

received at the third terminals of the mixing means of the 
second mixer. 

in each mixer, first and second switch devices may be 
provided in the signal path between the first terminals of 

25 the first and the third mixing means and the first RF 

terminal. Similarly, third and forth switch devices may be 
provided between the second terminals of the second and 
fourth mixing means and the second RF terminal . Thus any 
short circuit between the IF terminals may be avoided. 

30 The mixers and/or the switch devices may comprise FET 

transistors provided in CMOS technology. 

The mixer arrangement may be provided either as a 
transmitter or receiver mixer. In a transmitter mixer, a 
quadrature IF signal will be provided as input signal and 

35 an RF signal as output signal. In a receiver mixer, an RF 
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signal will be provided as input signal, and a quadrature 
IP signal will be provided as output signal. 

According to a second aspect of the invent ion , a 
wireless communication device having a communication 
5 interface for wirelessly communicating with a remote 
communication device, comprising the mixer arrangement 
according to the invention achieves the objects of the 
invention. 

The device may be a portable radio communication 
10 equipment, a mobile radio terminal, a mobile telephone, a 
pager, a communicator, an electronic organizer, or a 
smart phone - . 

According to a third aspect of the invention, a 
method of mixing signals for converting a first signal at a 
IS first frequency to a second signal at a second frequency 

achieves the objects of the invention- Tflie method comprises 
the steps of receiving the first signal, and mixing the 
first signal in a first and a second mixing means connected 
in parallel to a first and second terminal to provide the 
20 second signal. A set of switch devices provided in a signal 
path between the mixers is controlled to operatively 
connect' either the first or the second mixer to the first 
and second terminals. 

The first mixing means may be controlled to be 
25 conductive for a first and/or a second Btate of a first 
mixing signal for mixing the first signal with a first 
mixing signal to provide the second signal. The second 
mixer may be controlled to be conductive for a first and/or 
a second state of a second mixing signal for mixing the 
30 first signal with the second mixing signal to provide the 
second signal. Switch devices connected to the first mixer 
may be controlled to be conductive for the first and/or the 
second state of the second mixing signal, and switch 
devices connected to the second mixer may be controlled to 
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be conductive for the first and/or the second state of the 

first mixing signal. 

Further embodiments of the invention are defined in 

the dependent claims, 
5 It is an advantage of the invention that the if short 

circuit paths between the parallel connected mixers of the 

invention are eliminated. Furthermore, it is an advantage 

that the noise performance compared with the known art is 

substantially improved such that, the mixer arrangement is 
10 well suited for implementation in MOS technology and may be 

adapted for low supply voltacfe and low (or zero) IF 

frequency. 

It should be emphasized that the term 

^comprises/comprising" when used in this specification is 
15 taken to specify the presence of stated features, integers, 

steps or components but does not preclude the presence or 

addition of one or more other features, integers, steps, 

components or groups thereof, 

20 Brief Description of tlxe Drawings 

Further objects, features, and advantages of the 
invention will appear from the following description of 
several embodiments of the invention, wherein various 
aspects of the invention will be described in more detail 
25 with reference to the accompanying drawings, in which: 

Fig. 1 is a block diagram of a prior art mixer 
arrangement ; 

Fig. 2 is a front view of a mobile telephone and the 
environment in which it may operate; 
30 Fig. 3 is a block diagram of a the mixer arrangement 

according to the invention; and 

Fig. 4 is a signaling scheme illustrating the local 
oscillator signals for controlling the mixer arrangement. 
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Detailed Description of Embodiments 
Pig. 2 illustrates a mobile telephone 1 as one 
exemplifying electronic equipment, in which the mixer 
according to the present invention may be provided, and a 
possible environment in which it may operate. The invention 
is not limited to a mobile telephone 1. The invention may 
be provided in a wide variety of electronic equipment 
wherein a mixer is required for converting a first input 
signal having a first frequency to a second signal having a 
second frequency. The mobile telephone 1 may comprise a 
first antenna 10 and a second auxiliary antenna 11. A 
microphone 12, a loudspeaker 13, a keypad 14, and a display 
15 provide a man-machine interface for operating the mobile 
telephone 1. 

The mobile telephone may in operation be connected to 
a radio station 20 (base station) of a mobile communication 
network 21, such as a GSM, UMTS, PCS, and/or DCS network, 
via a first radio link 22 by means of the first antenna 10. 
Furthermore, the mobile telephone 1 may in operation 
establish a second wireless link to a peripheral device 30 
via a second wireless link 31 by means of the auxiliary 
antenna 11. The second link 31 is e.g. a Bluetooth® link, 
which is established in the 2.4 (2.400-2.4835) GHz 
frequency range. To establish the wireless links 22, 31, 
the mobile telephone 1 comprises radio resources, which are 
adapted according, to the relevant technologies that are 
used. Thus, the mobile telephone 1 comprises a first radio 
access means, such as a transceiver, for communicating with 
the base station 20, and a second radio access means for 
communicating with the peripheral device 30. 

The peripheral device 30 may be any device having 
wireless communicating capabilities, such as according to 
Bluetooth® technology .or any other wireless local area 
network (WLAN) technology. It comprises an antenna 32 for 
exchanging signals over the second link 31, and a 
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transceiver (not shown) adapted according to the 
communication technology that the peripheral device 3 0 
uses. The device may be a wireless headset, a remote 
server, a fax machine, a vending machine, a printer etc. A 
5 wide variety of electronic equipment may have such 

communication capabilities and have a need for wirelessly 
transferring of data. 

When receiving signals having radio frequencies (RP) , 
the RF signals may have to be down converted to a signal 
10 having a lower frequency, such as an intermediate frequency 
(IF) before further signal processing is applied. 
Similarly, an IF signal may have to be up converted to - a 
signal having a higher frequency, such as a RF frequency, 
before transmitted. Thus, the radio access means of the 
15 mobile telephone 1 may comprise one or several mixers 

according to the invention for converting a signal having a 
first frequency to a signal having a second frequency. 

Fig. 3 illustrates a mixer arrangement according to 
the invention. The mixer arrangement is arranged to 
20 generate intermediate frequency signals IF r and IF 0 having 
I and Q phases, respectively, based on an RF signal 
provided at RF" and RF* terminals, or vice versa. The 
arrangement is a balanced passive quadrature mixer 
arrangement comprising a first and a second mixer 200, 300 
25 connected in parallel and arranged to be driven in 

quadrature. Each of the mixers 200, 300 comprises a set of 
mixing devices 210, 220, 230, 240, and 310, 320, 330, 340. 
Here the number of mixing devices of each mixer 200, 300 is 
four. However, the number is only exemplary and should not 
30 be taken as limiting the scope of the claims. The mixing 
means 210-240, 310-340 may comprise a FET transistor, such 
as a MOSFET, which may be provided using CMOS technology. 
Each of the mixing means 210-240, 310-340 provides a 
voltage switch for enabling mixing of the RF signal and 
35 first and second LO signals, or mixing of the IF signal and 
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the LQ signals. The MOS transistor has true voltage switch 
characteristics . Therefore, it is possible to provide 
switching in the voltage domain. This makes it possible to 
reduce or even eliminate the DC current flow through the 
5 transistor, and thereby avoid the l/f noise, which would be 
a problem especially for direct conversion and low IF- 
receiver characteristics. 

Each mixing means 210-240, 310-340 may be provided as 
an NMOS transistor or a PMOS transistor. The NMOS 

10 transistor has better switch performance than the PMOS 
transistor due to the better mobility of electrons than 
holes. Other voltage controlled switches, such as the 
junction field effect transistor (JFBT) may still 
alternatively be utilized as the mixing means. 

15 The topology of the first and second mixers. 200, 300 

is basically the same. Thus, a first terminal of the first 
mixing means 210, 310 is operatively connected to a 
positive RP terminal, which may be connected to any of the 
antennas 10, 11. A second terminal of the first mixing 

20 means 210, 310 is connected to a first terminal of the 
second mixing means 220, 320. A second terminal of the 
second mixing means 220, 320 is operatively connected to a 
negative RF terminal. A first terminal of the third mixing 
means 230, 330 is operatively connected to the positive RP 

25 terminal. A second terminal of the third mixing means 23 0, 
330 is connected to a first terminal of the fourth mixing 
means 24 0, 340. A second terminal of the fourth mixing 
means 240, 340 is operatively connected to the negative RF 
terminal. Also, a connection is provided between the second 

30 terminals of the first and third mixing means 210, 230, 
310, 330, and thus between the first terminals of the 
second and fourth mixing means 220, 240, 320, 340. At said 
connection, IF terminals are provided for providing, or 
receiving, first and second IF signals IFi and IFq, as will 

35 be explained below. 
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Each of the mixing means 210-240, 310-340 comprises a 
third terminal for receiving a signal from a local 
oscillator (not shown) . During operation of the mixing 
arrangement, the RF signal will be mixed with mixing 
5 signals, i.e. the LO signal to provide a down converted IP 
signal. In use in a transmitter arrangement, the IF signal 
will be mixed with the L0 signal to provide an up converted 
RF signal. The mixer arrangement is driven in quadrature. 
Thus, the first and fourth mixing means 210/ 240 of the 

10 first mixer 200 will in operation receive a first LO signal 
L0i* having a first phase 8 and frequency at their third 
terminals. The second and third mixing means 220, 230 of 
the first mixer 200 will in operation receive the inverse 
of the first LO signal LOi\ i.e. a LO signal phase shifted 

15 by JI radians. The second and third mixing means 320, 330 of 
the second mixer 300 will in operation receive a second LO 
signal LO s + having a. second phase 9+JI/2 and a f requency 
corresponding to the first L0 signal at their third 
terminals. The first and fourth mixing means 310, 340 of 

20 the second mixer 300 will in operation receive the inverse 
of the second LO signal LO Q ~, i.e. a LO signal phase 
shifted JI radians in relation to the second LO signal. 

To avoid short circuit paths between the IF 
terminals, signal path switches are provided between the 

25 mixers and the RF terminals. Thus, the first mixer 200 
comprises a first set of signal path switches 250, 260, 
270, 280, and the second mixer 300 comprises a second set 
of signal path switches 350, 360, 370, 380. In this 
embodiment, the signal path switches are provided by mixing 

30 means corresponding to the mixing means 210-240, 310-340 of 
the mixers 200, 300. The first and fourth signal path 
switches 250, 280 of the first mixer 200 correspond to the 
second and third mixing means 320, 330 of the second mixer 
300. The second and third signal path switches 260, 270 of 
35 the first mixer 200 correspond to the first and fourth 
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mixing means 310, 340 of the second mixer 300. The first 
and fourth signal path switches 350 , 380 of the second 
mixer 300 correspond to the first and fourth mixing means 
210, 240 of the first mixer 200. The second and third 
5 signal path switches 360, 370 of the second mixer 300 

correspond to the second and third mixing means 220, 230 of 
the second mixer 300. . 

A first terminal of the first and third signal path 
switches 250, 27 0, 350, 370 is connected to the positive RP 

10 terminal, and a second terminal of said switches are 

connected to the first terminal of the first and third 
mixing means 210, 230, 310, 330, respectively. 
Correspondingly, a first terminal of the second and fourth 
signal path switches 260, 280, 360, 380 is connected to the 

15 second terminal of the second and forth mixing means 220, 
240, 320, 320, and a second terminal of said switches is 
connected to the negative RF terminal, respectively. 

Third terminal of the switches 250-280, 350-380 are 
connected to receive LO signals correspondingly to their 

20 corresponding mixing means 210-240, 310-340 of the mixers 
200, 300. Thus, in this embodiment the switches will be a 
part of the frequency translation from a first to a second 
frequency. 

The mixer arrangement is arranged to achieve 
25 quadrature mixing. Thus, two switches driven by the second 
LO signal LO Q are for some time intervals conducting 
simultaneously as two mixing means driven by the first LO 
signal LOj are conducting. 

Fig. 4 illustrates the local oscillator (LO) signals 
30 LO r + , LOi", LO Q + , and L0 Q ~. LO x and L0 0 can each have a first 
and a second state, i.e. a specific frequency and phase, 
for turning a mixing means connected to the signal on or 
off. The first mixer 200 is conductive for a first and/or a 
second state of the first LO signal LOi- The second mixer 
35 300 is conductive for a first and/or a second state of the 
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second mixing signal. As can be seen from the scheme of 
Fig- 4, two iiO signals can be positive simultaneously, 
which corresponds to the gray areas. If the phases of the 
IiO signals are chosen as described above, LO x + and LO G "\ hO z + 
5 and LOq*, L0q + and LOi*, and LO r ~ and LO<f, respectively, will 
be positive simultaneously, as is illustrated in Fig. 4. To 
avoid short circuits , the switches are therefore arranged 
such that in each potential path between the IF terminals 
IFi and IFq there are at least two switches controlled by 

10 signals having opposite phases, such as LO z + and LOr, 

wherein there will be no risk of interference between the 
IF terminals. The switches 250-280 connected to the first 
mixer 200 are arranged to be conductive for the first 
and/or second state of the LO or mixing signal driving the 

15 second mixer 300. The switches 350-380 connected to the 
second mixer 300 are arranged to be conductive for the 
first and/or second state of the LO or mixing signal 
driving the first mixer 200. Thus, any short circuit 
between the mixers 200, 300 is avoided without 

20 substantially introducing any noise. 

The embodiment of Fig. 3 illustrates one possible 
combination of providing the mixing means and the switches . 
There are a number of combinations, which will achieve the 
same result. Each of the switches may e»g. be interchanged 

25 with the mixing means to which it is connected. The 

combination that achieves the best performance has to be 
tested in each specific case and should not be limited by 
the embodiment shown. 

The mixer arrangement may be arranged to down convert 

3 0 an RF signal received as an input signal at the rf 
terminals to an IF output signal provided at the IF 
terminals. Alternatively, an IF signal provided as an input 
signal at the IF terminals may be up converted to an RF 
output signal provided at the RF terminals. Thus, the 

35 present invention may be incorporated in either a receiver 
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or a transmitter for providing frequency conversion from a 
first to a second frequency. 

The present invention has been described above with 
reference to specific embodiments. However, other 
5 embodiments than the above described are equally possible 
within the scope of the invention. Different method steps 
than those described above, performing the method by 
hardware or software, may be provided within the scope of 
the invention. The different features and steps of the 
10 invention may be combined in other combinations than those 
described. The invention is only limited by the appended 
patent claims . 



EniPfansszei t 10-Dez. 12:39 



031210 LB G.\E\59?4 Br±C8SC»\*\002\E\E5B74000Z O31310 iflltan*4 ancfiXan. 

14 



CLAIMS 

1. A quadrature mixer arrangement for converting a 
first signal at a first frequency to a second signal at a 

5 second frequency, comprising: 

a first mixer (200) operatively connected to a first 
and a second terminal; and 

a second mixer (300) connected in parallel with the 
first mixer and operatively connected to the first, and 
10 second terminals; 

characterised by 

a set of switch devices (250, 260, 270, 280, 350, 
360, 370, 380) provided in the signal path(s) between the 
mixers and the first and second terminals. 

15 

2 . The arrangement according to claim 1 , wherein 
the first mixer (200) is arranged to be conductive 

for a first and/or a second state of a first mixing signal, 
and arranged to mix the first signal with the first mixing 

20 signal to provide the second signal; 

the second mixer (300) is arranged to be conductive 
for a first and/ or a second state of a second mixing 
signal, and arranged to mix the first signal with the 
second mixing signal to provide the second signal; and 

25 switch devices (250, 260, 270, 280) connected to the 

first mixer arranged to be conductive for the first and/or 
second state of the second mixing signal, and switch 
devices (350, 360, 370, 380) connected to the second mixer 
arranged to be conductive for the first and/or the second 

30 state of the first mixing signal. 

3. The arrangement according to claim 1 or 2, wherein 
the first and second mixing signals are first and second 
local oscillator (LO) signals (LO z , LO Q ) , and/or their 

35 inverse signals, having a common frequency and phases, 
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which are phase shifted JI/2 radians in relation to each 
other . 

4. The arrangement according any of the previous 
claims, wherein the first and second mixer (200, 300) 
comprises a set of mixing means (210, 220, 230, 240, 310, 
320, 330, 340), each of said mixing means having a first, 
second, and third terminal, the first mixer (200) is 
adapted to be driven by the first mixing signal being an LO 
signal and/or its inverse signal having first and third 
phases received at the third terminals of the mixing means 
(210-240) of the first mixer (200) , and the second mixer is 
adapted to be driven by the second mixing signal being a 
second signal and/or its inverse signal having second 
and fourth phases received at the third terminals of the 
mixing means (310-340) of the second mixer (300) - 

5. The arrangement according to claim 4, wherein in 
each of the mixers (200, 300) first terminals of a first 
and a third mixing means (210, 230, 310, 330) of said, set 
of mixing means are operatively connected to the first 
terminal of the arrangement and second terminals of said 
first and third mixing means are connected to first 
terminals of a second and a fourth mixing means (220, 240, 
320, 340) of said set of mixing means, second terminals of 
said second and fourth mixing means are operatively 
connected to the second terminal of the arrangement, and 
wherein IP terminals are provided at the second terminals 
of said first and third mixing means. 

6. The arrangement according to claim 5, wherein the 
mixing means (210-240, 310-340) are provided by 
transistors, and wherein the first and fourth mixing means 
(210, 240) of the first mixer (200) are adapted to be 
driven by the first mixing signal, the second and third 
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mixing means (220 , 230) of said first mixer are adapted to 
be driven by the inverse signal of the first mixing signal, 
and wherein the first and fourth mixing means (310 , 340) of 
the second mixer (300) are adapted to be driven by the 
5 second mixing signal, the second and third mixing means 

(320, 330) of said second mixer are adapted to be driven by 
the inverse signal of the second mixing signal. 

7. The arrangement according to any of the previous 
10 claims, wherein the set of switch devices (250-280, 350- 

380) is provided by transistors. 

8. The arrangement according to claim 6 or 7, wherein 
in each mixer (2 0 0, 300) first and third switch devices 

15 (250, 270, 350, 370) are provided in the signal path 

between the first terminal of the first and third mixing 
means (210, 230, 310, 330) and the first terminal of the 
arrangement, and second and forth switch devices (260, 280, 
360, 3 80) are provided between the second terminals of the 

20 second and fourth mixing means (220, 240, 320, 340) and the 
second terminal of the arrangement. 

9. The arrangement according to claim 8, wherein the 
first and fourth switch devices (250 > 280) connected to the 

25 first mixer (200) are adapted to be driven by the second 
mixing signal, the second and third switch devices (2 60, 
270) connected to said first mixer are adapted to be driven 
by the inverse signal of the second mixing signal, the 
first and fourth switch devices (350, 380) connected to the 

30 second mixer (300) are adapted to be driven by the first 
mixing signal, and the second and third switch devices 
(360, 370) connected to said second mixer are adapted to be 
driven by the inverse signal of the- first mixing signal. 
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10. The arrangement according to any of the previous 
claims, wherein the mixers (200, 300) and/or the set of 
switch devices (250-280, 350-380) comprise a voltage 
controlled switch.. 

11. The arrangement according to any of the previous 
claims, wherein the mixers (200 , 300) and/or the set of 
switch devices (250-280, 350-380) comprise FET transistors 

12. The arrangement according to claim 11 , wherein 
the PET transistors are provided in CMOS technology. 

13 . The arrangement according to any of the previous 
claims, wherein the arrangement is provided as a 
transmitter mixer, the first signal is a quadrature IF 
signal to be received as an input signal, and the second 
signal is an RP signal to be provided as an output signal. 

14 . The arrangement according to any of the claims 1 
to 12, wherein the arrangement is provided as a receiver 
mixer, the first signal is an RF signal to be received as 
an input signal, and the second signal is a quadrature IF 
signal to be provided as an output signal. 

15. A wireless communication device (1) having a 
communication interface for wirelessly communicating with 
remote communication device, characterised by a mixing 
arrangement according to any of the claims 1-14 . 

16. The device according to claim 15, wherein the 
device is a portable radio communication equipment, a 
mobile radio terminal, a pager, a communicator, an 
electronic organizer, or a smartphone. 
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17. The device according Co claim 15, wherein the 
device is a mobile telephone (1) . 

18. A method of mixing signals for converting a first 
5 signal at a first frequency to a second signal at a second 

frequency, comprising the steps of: 
receiving the first signal; 

mixing the first signal in a mixer arrangement 
comprising a first and a second mixer (200, 300) connected 
10 in parallel to provide the second signal, each mixer is 
connected to a first and a second terminal; 

characterized by the step of: 

controlling a set of switch devices (250, 260, 270, 
2 80, 350, 360/ 37 0, 3 80) provided in a signal path between 
15 the mixers and a first terminal to operatively connect 
either the first or the second mixer to the first and 
second terminals. 

19. The method according to claim 18, further 
20 comprising the steps of 

controlling the first mixer (110; 200) to be 
conductive for a first and/or a second state of a first 
mixing signal for mixing the first signal with the first 
mixing signal to provide the second signal; 

25 controlling the second mixer (120; 300) to be 

conductive for a first and/ or a second state of a second 
mixing signal for mixing the first signal with the second 
mixing signal to provide the second signal; 

controlling switch devices (250, 260, 270, 280) 

30 connected to the first mixer to be conductive for the first 
and/or the second state of the second mixing signal, and 
controlling switch devices (350, 360, 370, 380) connected 
to the second mixer to be conductive for the first and/ or 
the second state of the first mixing signal . 
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20. The method according to claim 18 or 19/ wherein 
the first and second mixing signals are first and second 
local oscillator (LO) signals , and/ or their inverse 
signals, having a common frequency and first and second 

5 phases , which are phase shifted Jl/2 radians in relation to 
each other. 

21. The method according to any of the claims 18 to 
20 , comprising the steps of providing a set of mixing means 

10 (210, 220, 230, 240, 310, 320, 330, 340) in each of the 
first and second mixer (200, 300), wherein each of said 
mixing means has a first, second, and third terminal, 
driving the first mixer (200) by using the first mixing 
signal being a first LO signal and/or its inverse signal 

15 having first and third phases received at the third 

terminals of the mixing means (210-240) of the first mixer 
(200) , and driving the second mixer by using the second 
mixing signal being a LO signal and/or its inverse signal 
having second and fourth phases received at the third 

20 terminals of the mixing means (310-340) of the second mixer 
(300) . 

22. The method according to claim 21, further 
comprising the steps of for each of the mixers (200, 300) 

25 operatively connecting a first terminal of a first and a 
third mixing means (210, 230, 310, 330) of said set of 
mixing means to the first terminal of the arrangement and a 
second terminal of said first and third mixing means to 
first terminals of a second and a fourth mixing means (220, 

30 240, 340, 340) of said set of mixing means, operatively 
connecting a second terminal of said second and fourth 
mixing means to the second terminal of the arrangement, 
providing the third and fourth terminals being IF terminals 
at the second terminals of said first and third mixing 

35 means. 
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23. The method according to claim 22/ further 
comprising the steps of prbviding the mixing means (210- 
240 # 310-340) as transistors, driving the first and fourth 
5 mixing means (210, 240) of the first mixer (200) by using 
the first mixing signal, driving the second and third 
mixing means (220, 230) of said first mixer by using the 
inverse signal of the first mixing signal, driving the 
first and fourth mixing means (310, 340) of the second 
10 mixer (300) by using the second mixing signal, and driving 
the second and third mixing means (320, 330) of said second 
mixer by using the inverse signal of the second mixing 
signal . 

15 24. The method according to any of the claims 18-23, 

comprising the step of providing the switch devices (250- 
280, 350-380) by means of a transistor. 

25. The method according to claim 23 or 24, 

20 comprising the steps of for each mixer (200, 300) providing 
the first and third switch devices (250, 270, 350, 370) in 
the signal path between the first terminal of the first and 
third mixing means (210, 230, 310, 330) and the first 
terminal, and second and forth switch devices {260, 280, 

25 360, 380) between the second terminals of the second and 
fourth mixing means (220, 240, 320, 340) and the second 
terminal . 

26. The method according to claim 25, comprising the 
30 steps of driving the first and fourth switch devices (250, 

280) connected to the first mixer (200) by using the second 
mixing signal signal, driving the second and third switch 
devices (260, 270) connected to said first mixer by using 
the inverse signal of the second mixing signal signal, 
35 driving the first and fourth switch devices (350, 380) 
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connected to the second mixer (300) by using the first 
mixing signal signal, and driving the second and third 
switch devices (360, 370) connected to said second mixer by 
using the inverse signal of the first mixing signal. 

27. The method according to any of the claims 18 to 
26, con^rising the step of providing the mixers (100; 200, 
300) and/or the switch devices (140; 250-280, 350-380) as a 
voltage controlled switch. 

28. The method according to any of the claims 18-27, 
comprising the step of providing the mixers (100; 200, 300) 
and/or the switch devices (140; 250-280, 350-380) by PET 
transistors . 

29. The method according to claim 28, comprising the 
step of providing the FBT transistors by using CMOS 
technology. 

30. The arrangement according to any of the claims 18 
to 29, comprising the step of providing the arrangement as 
a transmitter mixer, the first signal being a quadrature IF 
signal, and the second signal being an RF signal. 

31. The arrangement according to any of the claims 18 
to 29, comprising the step of providing the arrangement as 
a receiver mixer, the first signal being an RF signal, and 
the first signal being a quadrature IF signal. 
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ABSTRACT 

A quadrature connected passive mixer arrangement for 
frequency converting analog signals from a first to a 
5 second frequency. The arrangement comprises two parallel 
connected mixers provided as transistors. First and second 
LO signals and their inverse signals having separated 
phases are provided for driving the transistors. Signal 
path switches are provided between the RF terminals and the 
10 mixer transistors. The switches are driven by signals 
having a different phase than the signal driving the 
corresponding mixer transistor. Thus, any short circuit 
between IF terminals of the arrangement may be eliminated* 

15 To be published together with Fig. 3. 
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Fig. 2 
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Fig. 3 
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